Polymorphisms, haplotypes and mutations in the protamine 1 and 2 genes.
Protamines are the most abundant nuclear proteins and alterations in their expression have been described in infertile patients. Also, protamine haplo-insufficient mice have been described as infertile. Therefore, the protamine 1 and 2 genes have been considered important candidates in different mutational studies. In this article, we review all published articles related to protamine gene mutations and report new data on mutations from patients and controls drawn from the Spanish and Swedish populations. Sequencing of the protamine 1 and 2 genes in a total of 209 infertile patients and 152 fertility-proven controls from the Spanish and Swedish populations identified two novel and rare non-pathogenic missense mutations (R17C and R38M) in the protamine 1 gene and several additional polymorphisms. Furthermore, we have identified and we report for the first time five novel rare haplotypes encompassing the protamine 1 and 2 genes. A review of all available protamine gene mutational studies indicates that none of the reported missense mutations can be considered of proven pathogenicity. However, it is interesting to note that rare protamine 1 promoter variants have been reported only in infertile patients, but not in fertile control groups. Pathogenic high penetrance protamine gene missense mutations, if any, must be extremely rare. However, the detected presence of rare variants and haplotypes in infertile patients deserves further investigation.